Introduction: Balance disorders are common in people with intellectual disability (ID).
Introduction
The process of rehabilitating persons with intellectual disability (ID) should be strongly oriented towards solving their motor and functional problems, in order to help them achieve the best possible economic and social independence. The research to date has shown that children and adolescents with ID have numerous disturbances concerning both cognitive and motor functioning [1, 2] . They are less active than their healthy peers [3, 4] , prone to overweight and obesity [5, 6] , and mostly lead a sedentary way of life [7, 8] . Balance control deficits observed in adolescents with ID, as compared to their healthy schoolmates [9] , difficulties with the ability to concentrate on two or more things at a time [10] , and problems with planning and organising movements [11] may increase the risk of accidental falls [12] and limit their independence in activities of daily living (ADLs) [13] . The study of Chiviacowsky et al. [14] proved that external verbal instructions, accompanying the task performance, supported its effective accomplishment and not only helped adolescents with ID to learn basic motor abilities but also positively influenced their social interactions.
The sense of balance in individuals with ID may be improved in many different ways [7, [15] [16] [17] [18] , but enhancement of their independence should always be of overriding importance. Most of the ADLs, which require body control and spatial orientation, are based on doing two or more things at the same time [19] . That was the reason why the authors of this study prepared batteries of dual-task functional exercises incorporating ADLs, performed with simultaneous stimulation of balance [20, 21] . Adolescents with ID participated in the 12-week intervention programme willingly. After that time, all their dynamic balance parameters on the platform (path length, test duration, and reaction time) improved greatly and were significantly better than in the controls [20] . Participants fully accepted the intervention programme, and it also received a sympathetic response from their parents and physiotherapists.
Enhanced balance parameters and participants' guardians' opinions on increased ADL performance made the authors of the project continue batteries of intervention exercises for another 12 weeks.
Aim of the research
The purpose of another study was to find out whether the extension of the dual-task functional exercises intervention programme on unstable surfaces by another 12 weeks would alter dynamic balance in adolescents with ID, how it would change, and how long the above would last after the end of the programme.
Material and methods
The study was a continuation of the project originated in January 2013 and conducted in the Group of Special Education Schools in Krakow. The school authorities were approached for their consent to continue the project, and written informed consent of the participants' legal guardians' was also obtained. The approval of the Ethical Committee of the Regional Medical Association in Krakow had been obtained prior to the study (no. 18/KBL/OIL/2012). The study was registered in the Australian New Zealand Clinical Trials Registry (ANZCTR). Registration number: ACTRN12616001235493.
This project involved adolescents with moderate intellectual disability, of aetiology other than genetic syndromes, who ambulated without orthopaedic devices. The exclusion criteria were major physical disabilities, genetic syndromes, hyperactivity, and an inability to follow instructions. According to the inclusion and exclusion criteria, 34 participants aged 14-16 years (15.06 ±0.9) were randomly assigned to the experimental (E) and the control group (C) at the beginning of the project (January 2013) through a simple randomisation procedure. A total of 34 adolescents continued participation in a subsequent stage of the project from the beginning of April to September 2013. At the beginning of the project, participants' average body weight equalled 67 ±16.2 kg and their height was 159.4 ±12.7 cm. All participants (from the experimental and control group) attended the same obligatory physical education (PE) classes in school two times per week. The physical education programme encompassed general body exercises and music therapy (spontaneous body movement developing different muscle groups inspired by music).
Intervention programme
Adolescents from the experimental group (E) additionally continued the dual-task intervention programme for another 12 weeks, taking part in 45-minute physical activities three times per week. They worked individually with the same therapists as before. The programme comprised exercises in which participants performed functional tasks consisting of ADLs on unstable surfaces (Swiss balls, stability trainers, and soft mattresses) ( Table 1 ). All exercises followed a therapist's verbal instructions about focusing on the task accomplishment, the direction and target of the movement, and proper postural control. The therapist encouraged participants to perform exercises and praised them for their accuracy.
Balance measurements
Dynamic balance assessment was conducted in all participants after another 12 weeks of the interven-tion programme (test 3) and 8 weeks after the end of the project (test 4) by the same physiotherapist, who was blinded to the group allocation. All adolescents did not take part in any organised forms of physical activity during the period of 8 weeks (summer holidays). Dynamic balance assessment was carried out on the stabilometric platform ALFA AC International East (distributed by P.H.U. Technomex, Poland). The same measurement conditions were maintained for all participants. Because the protocol for the first assessment (test 1) included software with the foot positioning on the platform for each participant in the normal relaxed standing position with their upper extremities hanging loosely by their sides, each consecutive measurement was conducted in the same position. Thanks to the above, it was possible to compare the results of subsequent measurements (test 2, 3, and 4). The same test parameters were set for all participants, i.e. the degree of difficulty -easy, the test duration time -30 s; and the number of repetitions -three, out of which the mean values were generated for the report. The centre of gravity (COG) was highly visible for the participant as a big green dot in the middle of the monitor (it corresponded to the centre of the platform). Participants could also see two lines dividing the monitor into four quarters, which corresponded to the quarters of the balance platform. The quarters of the platform were referred to in the platform software as: right-front: R-F, left-front: L-F, left-back: L-B, and right-back: R-B. The dynamic test consisted of performing the task mentioned below in a given time. On the monitor, yellow dots appeared one by one, which correlated with different areas of the base of support. The positions of the dots were pre-programmed depending on the test difficulty. Participants were asked to reach the dots by balancing their trunk and pelvis, and flexing their lower extremities towards the dot appearing on the monitor, but without lifting their feet off the platform. A required postural sway for healthy man towards the surface of the platform (normative Balancing the body while sitting on the ball, transition to the standing position and reaching for an object, and returning to the sitting position; transition to the standing position and putting the object as requested by the therapist Side stepping on stability trainers to the other end of the hall Dual-task functional exercises as an effective way to improve dynamic balance in persons with intellectual disability -continuation of the project data included in the platform software) in order to travel to the dots in the R-F and L-F quarters equalled 2.66º (C1) and in the R-B and L-B it was 1.33º (C3) and 1.99º (C2), respectively ( Figure 1 ). Participants heard a signal each time their COG reached the appropriate dot. Consecutive dots appeared on the monitor once the previous one had been found. The test was accomplished when all dots were reached. The participants' assessment protocol, made after the test, included their path length (cm), i.e. the entire path covered by the participant's centre of pressure (COP) within the time of the test and the time (in seconds) needed by the participant to reach all dots, and the times of reaching the dots in separate quarters of the platform.
Statistical analysis
The results collated were analysed using the arithmetic mean, the median, the minimum and maximum value, and the standard deviation. The inter-and intra-group differences were determined by means of One-way ANOVA and Factorial ANOVA, and post hoc Tukey test. The level of significance was accepted at α a = 0.05. The analysis of the data collated was performed using Statistica v10 software. Table 2 shows participants' basic somatic traits observed after the first 12 weeks of the intervention programme (test 2), after another 12 weeks of performing exercises (test 3), and after 8 weeks of summer holidays, which followed the project (test 4). No differences of statistical significance in body height, weight, and body mass index (BMI) between the experimental group (E) and the controls (C) in tests 2, 3, and 4 was disclosed. Table 3 shows dynamic balance parameters in the experimental group (E) and in the controls (C) after another 12 weeks of the intervention programme (test 3) and after 8 weeks from the end of the project (test 4).
Results
Differences of statistical significance were disclosed in test 2 in all variables under analysis between the experimental group (E) and the controls (C), p < 0.05 (Table 4) .
The values referring to the path length, the relation of the path length to the minimum path, the time needed to accomplish the task, and the time needed to reach the dots in given quarters of the platform were significantly lower in the experimental group (E) than in the controls (C) ( Table 4 ). The comparison of the results of test 2 and 3 did not reveal statistically significant differences of the variables under analysis in the experimental group (E) and in the controls (C). However, the mean value analysis might imply a tendency towards improving dynamic balance in group E. In test 3, the path length, the relation of the path length towards the minimum path, the general time, and the time of reaching the dots in separate quarters of the platform were significantly shorter (p < 0.05) in the experimental group (E) than in the controls (C). The comparison of the results of tests 3 and 4 again did not reveal differences of statistical significance (p > 0.05) in all variables under analysis in the experimental group (E) and in the controls (C) ( Table 4) . While analysing the mean values of separate variables in test 4, it was revealed that they maintained a similar level as in tests 3 and 2. Test 4 disclosed significantly shorter time of accomplishing the test and shorter times of reaching the dots in the R-F and R-B quarters of the platform in the experimental group (E) than in the controls (C).
There were no statistically significant differences between groups E and C for the path length and the ratio of the path length to the minimum path, and the time of reaching the dots in the L-F and L-B quarters of the platform. Table 4 includes detailed results of group by time interaction.
Discussion
The 12-week dual-task functional exercises intervention programme described in the previous paper [20] exerted a considerable improvement of dynamic balance in adolescents with ID. The extension of the programme by another 12 weeks only slightly improved the results achieved earlier. However, the mean value analysis showed a slightly higher level of dynamic balance despite the fact that no statistical significance was revealed. It seemed to be important that after the 8-week holiday (test 4), the level of variables were similar to those achieved in tests 3 and 2. It should also be mentioned that after the first 12 weeks, an extremely distinct improvement of the results of all parameters describing the dynamic balance test was noticed in the experimental group. The path length shortened by 65% in relation to its initial value, the time needed to accomplish the task diminished by 59%, and adequately shorter times of reaching the dots in separate quarters of the balance platform were 
SD -standard deviation, R-F -right-front, L-F -left-front, L-B -left-back, R-B -right-back.
Dual-task functional exercises as an effective way to improve dynamic balance in persons with intellectual disability -continuation of the project observed, i.e. by 47% R-F, 75% L-F, 45% L-B, and 56% R-B [20] . On the other hand, the analysis of the mean values of the results could indicate a trend towards obtaining worse results after discontinuing systematic batteries of exercises. The studies on the effect of dual-task functional exercises on motor and functional abilities of persons with ID have not been sufficiently documented so far, and the authors found it rather difficult to refer the results of their dynamic balance tests to other publications. The observations to date have shown unfavourable differences between individuals with Down's syndrome (DS) and their healthy peers in accomplishing dual tasks, seen in some time and space parameters of the gait. Since the accomplishment of dual tasks requires greater concentration, rehabilitation of individuals with cognitive disturbances should comprise both physical training and stimulation of focusing attention on the tasks being performed [22] .
Improved static balance in participants with ID was achieved through multiple repetition of functional tasks (e.g. placing a book on a shelf), in which the therapist's additional verbal instructions stimulated the person performing the exercises to concentrate on the targeted movement of the extremity, its direction, and the body position on the unstable surface (Swiss ball, stability disc). A shorter COP path length in the eyes open and closed conditions and a decreased surface area with the eyes closed test [21] were achieved after the first 12 weeks of the intervention programme. Continuation of the programme brought further shortening of the path length, both in the eyes-open and eyes-closed condition. The long-term facilitation effects were confirmed in the static balance assessment and after the 8-week summer holidays (test 4) [23] . Improved functional performance in children with severe ID and accompanying motor disturbances [24] was achieved through multiple repetitions of functional tasks based on the ADLs. The effectiveness of functional therapy oriented towards solving functional problems and improving motor abilities in children with cerebral palsy (CP) was also confirmed by Ketelaar's studies [25] .
Maintaining balanced postural alignment while performing a motor task, which required complex motor abilities (e.g. reaching for a glass or a book, or putting on footwear) and standing on a stability disc or sitting on a Swiss ball at the same time required interactions between the visual, somatosensory, and vestibular systems [26] . Postural control rehabilitation in children and adolescents with balance deficits should include activities improving performance of static and dynamic balance tasks concerning the musculoskeletal and locomotor systems and sensory factors limiting the speed of processing information [13] . Performance of exercises on unstable surfaces, 
E -experimental group, C -control group, R-F -right-front, L-F -left-front, L-B -left-back, R-B -right-back.
suggested in the intervention programme, required increased control of the foot and ankle joint movements, i.e. greater proprioceptive feedback from the foot and ankle joint proprioceptors [27] . Participants performed exercises barefooted, which additionally stimulated the mechanoreceptors of the foot (its sole side is one of the most important zones of proprioceptive sensory input entry) [28] and aroused proprioceptive information to the trunk and other postural muscles [29] . Functional tasks consisting of the ADLs required both the ability to concentrate on one or more things at a time, as well as balanced postural alignment [30] in which the anticipatory postural adjustment (APA) [31] played the key role. Research on children and adolescents with normal posture revealed that the APA could adjust to the changeable external conditions that affected stable postural alignment [31] and the APA patterns by a one-time training of functional activities developing righting reactions and the speed of reaction in healthy individuals [32] . According to the authors of the study, improved postural control revealed after a single intervention programme might also be reflected in individuals who require an increased sense of stability [32] . ShumwayCook et al. [33] found out that postural control mechanisms possessed adaptation and modification possibilities in children with CP. A significantly improved postural alignment and postural control were discovered in balance exercises on the platform, which was reflected by a smaller area covered by the COP and the time needed to stabilise postural alignment. The scores of participants with CP remained at the same level in the examination conducted 4 weeks after the termination of the project [33] . In our study, reaching the consecutive dots in a given area, which in the dynamic test appeared in the quarters of the platform, required participants to focus on the dots on the monitor and alternate concentric and eccentric engagement of the muscles of the lower extremities and the postural muscles, in order to control the sway in the right direction and regain a stable posture. The results of the dynamic test in the experimental group revealed increased postural stability and control expressed by a shorter time of reaching the points in the proximal-distal direction and a shortened stabilogram path. The results significantly improved after the first 12 weeks of the intervention programme, and after another 12 weeks they were even more lasting. On the other hand, the analysis of the results achieved after the 8-week holiday showed a tendency towards achieving worse balance parameters after discontinuing systematic exercises. Those observations could imply the need for constant stimulation of righting reactions in adolescents with ID. It seemed appropriate to engage parents in the rehabilitation process so it could continue throughout the time when there were no classes at school. Those suggestions were convergent with Ketelaar's et al. observations [25] , who emphasised a great role of the family in conducting functional therapies.
Increased feeling of the body -expressed by the positive results of the dynamic test on the balance platform, achieved due to multiple repetitions of the functional activity exercises on unstable surfacesmay be reflected in emergency situations, e.g. while on a bus when its driver breaks in an emergency or when being pushed or jostled, when a quick motor reaction is needed to maintain postural alignment stable enough to prevent accidental falls.
This study has certain limitations, the main one being that the project was performed in a relatively small group of adolescents with ID, and its findings cannot be applied to the wider target population. Further studies should be extended by assessing functional performance of daily life skills and the quality of gait due to the fact that the proposed dual-task exercises programme consisted of exercises based on ADLs.
Conclusions
Extension of the intervention program helped to maintain improved dynamic balance. Discontinuation of the program for a period of 8 weeks resulted in decreased levels of balance; however, it was still higher than at the beginning of the project. Dual-task functional exercises based on activities of daily living (ADLs) and stimulation of righting reactions may enhance dynamic balance in individuals with ID, but it should be constantly stimulated.
